During the Condor campaign a number of instruments were set up in Peru to support the rocket experiments. In this series of papers we report on the results of the experiments designed to study the equatorial F region. In this overview paper we summarize the main results as well as report upon the macroscopic developments of spread F as evidenced by data from backscatter rada•s, from scintillation observations, and from digital ionosonde meaurements. In this latter regard, we argue here that at least two factors other than the classical gravitational Rayleigh-Taylor plasma instability process must operate to yield the longest-scale horizontal organization of spread F structures. The horizontal scale typical of plume separation distances can be explained by invoking the effect of a shear in the plasma flow, although detailed comparison with theory seems to require shear frequencies a bit higher than observations indicate. On the other hand, the largest-scale organization or modulation of the scattering layer cannot be explained by the shear theory and must be due to local time variations in the ionospheric drift or to gravity wave induced vertical motions. Using simultaneous rocket and radar data, we were also able to confirm the oft quoted hypothesis that rapid overhead height variations in the scattering region over 
The detailed results of the Condor coordinated F region experiments are reported in the series of papers published in this issue. In this paper we present an overview of the experimental results and in addition report on some new aspects of the large-scale organization of plasma during ESF which are based primarily upon the radar backscatter maps made during the course of the rocket launch operation. We also summarize some of the main conclusions of the set of experiments.
DATA PRESENTATION

Backscatter Maps and Scintillation Measurements on Nights Without Rocket Launches
Real-time measurements at the Jicamarca Radio Observatory of backscattered power from 3-m F region irregularities played a crucial role in the rocket launch decisions of the Condor spread F campaign. In such measurements the received backscattered power is proportional to the square of the amplitude of the field-aligned density irregularities which have wave vectors in the direction of the radar line of sight. The Jicamarca radar beam is pointed almost vertically, about 3 ø north of the on-axis position, to achieve perpendicularity to the geomagnetic field at F region altitudes [see Woodman, 1970] . Power maps similar in essence to those published elsewhere in the literature [e.g., Woodman and LaHoz, 1976] were generated in real time to monitor the spread F activity level during the campaign. When rocket launch decisions were taken, the radar operation was switched to the more versatile radar interferometer mode capable of measuring the power spectra of the radar echoes as well as the east-west drift velocity of the scattering centers I- Kudeki et al., 1981] . In this section we present Jicamarca data obtained on nights with no rocket launches. The interferometer mode was not used on these nights, and the data presentation is limited to the power maps shown in Figures 2a-2c . The upper panel in each figure is the radar map, while the lower panel is a plot of the scintillation index (SI) expressed in decibel excursions [Whitney et al., 1969 ] at a frequency of 1.694 gigahertz (GHz). The latter data were obtained at Ancon using the GOES 5 satellite transmissions with an ionospheric intersection point at 300 km altitude only 30 km west of the Jicamarca beam. This distance is equivalent to only 3-5 min of time difference between the corresponding structures causing scintillation and radar backscatter when the eastward ionospheric drift is taken into account. The relationship between S1 and the commonly used S,• index as obtained by Whitney [1974] We should therefore not expect a one-to-one relationship between 50-MHz backscatter, which is caused by 3-m irregularities, and the 1.7-GHz forward scatter. In viewing the Jicamarca power maps it is important to remember that they provide vertical images or slices of the instantaneous overhead scattering structures which are then plotted as a function of time. A rigid scattering pattern drifting overhead with a constant velocity would be faithfully reproduced in these plots, and in this case the map can be considered as a view of the ionosphere looking southward. As pointed out by Woodman and LaHoz [1976] , however, the technique is much like the slit cameras used in racing events which distort an image if it changes in time as it drifts by. In the description we try to remind the reader of this by using the words "apparent" to describe the motion of the scattering layer. Power maps display the echo power received by the Jicamarca radar, as functions of time and altitude, using a logarithmic gray scale coding. For each day a power level of 0 dB on these maps roughly corresponds to 3% of the estimated sky noise. There was no attempt made to maintain a uniform output power from day to day, but the scales differ by only Figure 2a ). The position of the scattering layer was moving upward at an apparent velocity of about 2.5 m/s but never attained a height greater than 300 km. At "apogee" the layer broadened very slightly to a thickness of about 15 km. As the scattering layer descended, its thickness decreased. The structured echoing region near 100 km is due to 3-m irregularities excited by the equatorial electrojet instabilities. Notice that there are three gaps in the electrojet echoes at 2105, 2133, and 2141 LT when the F layer is hovering near its highest point. Furthermore, close inspection shows that the E layer scattering heights shift in altitude across the gaps as predicted by the linear electrojet theory when the zonal electric field changes sign [Fejer et al., 1975] . This feature is fairly common, and the interpretation is that the E layer instabilities cease temporarily when the zonal electric field component passes through zero. Thus, even though the upward "motion" of the scattering layer is not a definitive measure of the actual vertical drift, the data are internally consistent with a pure bottomside F layer instability commencing while the F layer is rising and continuing virtually unchanged when the vertical drift reverses. The temporal behavior of the scattering height is also consistent with the wellestablished time dependence of the vertical drift velocity which creates a corresponding local time dependence of the ionospheric height. As the earth rotates under this local time de-pendent feature, the ionosphere will seem to rise and then fall to a vertically looking radar. No detectable level of scintillation occurred at 1.7 GHz.
The March 5 night, illustrated in Figure 2b , was considerably more active than the previous example. The echoing layer started its development at an altitude higher than that on March 4. Just at and after "apogee" the layer broadened considerably, but no extended plumes developed, and the layer height decreased very quickly. The layer height then started to increase again, reaching 330 km before starting its final decrease for this evening. Notice that three distinct scattering patches developed in the second descending phase of the ionospheric oscillation and that the height oscillations were nearly sinusoidal in form. The characteristic gap in E region structure discussed above occurred only in conjunction with the second apogee, although the 100-km scattering layer became slightly more narrow in conjunction with the first apparent flow reversal. (When gaps occur in both the E and F region traces, they are due to a data loss.) The variations in altitude displayed on this night are much more rapid than those expected from the local time dependent zonal electric field effect described above. A number of weak 3-m scattering patches remained for a long time, including one between 500 and 600 km. The scintillation behavior on this night was very unusual; we return to this point after discussing the March 6 event.
On The figure shows an initial plume event centered at 2040 which followed a rapid apparent rise of the scattering layer and was preceded by high-altitude scatterers by some 10 min.
Although the data gap creates some ambiguity, it appears that the layer descended and then began to rise once again at about 2120 LT, creating the second plume event into which the rocket was fired. The lower trace shows the results of simultaneous L band (1694 MHz) scintillation measurements performed at Ancon. Using the eastward F region drift speed measured by two independent methods (described below) for this night, the separation distance between these two measurements corresponds to only 3-5 min of local time difference. The data gaps are somewhat of a problem, but there again seems to be a good correlation between the SI index and the 3-m backscatter power. In particular, the thickness of the 3-m scattering patch and the magnitude of SI seem to be very well correlated. The backscatter map displays several "miniplumes" which extend like fingers pointing toward later local times (or pointing westward, if the features of these maps are considered frozen in the eastward drifting plasma). These features are similar to the secondary plumes detected with the Altair radar. Figure 3b is an expanded version of the power map in Figure 3a and includes the rocket trajectory, which is plotted in two ways. The "V --infinity" parabola is plotted as though the radar and rocket observations were simultaneous in local time as well as in universal time. However, since the rocket traveled magnetically west of the radar while the ionosphere was drifting eastward, the rocket data at a certain time should be compared with the radar data a short time later, the exact time delay depending on the time it takes the ionospheric plasma to drift from the rocket's location to the longitude of the layer height was decreasing over Jicamarca during this time. The small discrepancy between the downleg rocket data and the radar data can be explained quantitatively by the change in altitude of the field line which maps from the rocket's position to the latitude of Jicamarca. These data show conclusively that the bottom side of the F layer was higher over Jicamarca than at the rocket when it passed through the bottomside on the downleg. This implies that (1) a strong westward gradient in plasma density must exist and (2) for rapid height variations such as these the interpretation of the Jicamarca map in terms of a quasi-rigid motion of the scattering regions is valid at least for the bottomside.
In the topside the in situ probe detected several large regions of depleted electron density, along with associated smaller-scale irregularities. The amplitude of the depletions is about 50%, and their vertical size is in the range of 20-50 km. On the downleg, depletions of nearly identical properties were detected. On both downleg and upleg these depletions correspond one-to-one with the westward tilted miniplumes seen on the radar power map. map, within the range of sensitivity of the Jicamarca radar, no 3-m irregularities are seen during the portions of the rocket trajectory described above; that is, the "bubble" observed by the rocket during both upleg and downleg apparently was invisible to the radar by the time it was overhead. However, at an earlier local time (2133 LT), Jicamarca did detect a westward tilted miniplume which, if extended, would intercept the rocket trajectory at about the right places. Furthermore, if we identify the upleg depletion with its downleg twin, observed 5 min later in local time and 40 km higher in altitude, there is a remarkable similarity to the March 1 data.
Interferometer drift data for this night were presented earlier in Figure 5 sive as a plume cannot grow from thermal noise in a few e-folding times, so seed structure must be present at much larger scales than 3 m in the bottomside region as it drifts upward. Indeed, the rocket data reported by Kelley et al. [1976] and Costa and Kelley [1978] showed well-developed bottomside 1-to 4-km structures (6n/n • 30%) in just such conditions, e.g., F peak at 300 km, slow 10-m/s uplift determined by barium cloud drifts, and weak 3-m structures which seemed to erupt into a plume a few minutes later.
The other terms in the GRT process, which involve electric fields and neutral winds as sources of free energy, do not depend upon the collision frequency and hence are not altitude dependent. These terms are not negligible, and the present data set confirms and extends several conclusions of in this regard. First, we note the tendency for two types of ionospheric uplift. On March 5 (Figure 2c) , three gentle wavelike undulations of the F layer are apparent. This is to be constrasted with the sharp uplifts at 2145 LT on March 1 (Figure 3a) , at 2050 LT on March 6, and at 2128 LT on March 14. The first and third of these three examples followed a cycle of gentle wavelike undulations with the plume and associated rapid uplift seeming to feed upon the more gentle uplift. We first discuss the origin and effects of "gentle" undulations, returning to the other class in section 3.2.
Although data gaps confuse the issue somewhat, the March 1 data (Figure 3a) Since the magnitude of the zonal wind component u must be larger than the eastward plasma drift velocity it generates by the F region dynamo effect, the vertical electric field in the neutral frame, E:'= E: + uB, must be upward. This further implies that E' x B has a component parallel to the westward zonal plasma density gradient mentioned above. This is a linearly unstable condition. The horizontal density gradient scale length can be estimated from the rocket data to be 14 km. For E'/B • 100 m/s this yields an exponential growth time of 2.3 min, which is very fast.
There are presently two competing theoretical explanations for the organization of equatorial spread F at the largest scales, gravity wave seeding, and velocity shear instabilities. By large scale we mean •. >> L, the vertical density gradient scale length. Kelley et al. [1981] argued that the quasisinusoidal undulations were due to gravity wave seeding as described by Klosterrneyer [1978] . Once seeded, such structures may then be amplified preferentially by a plasma instability process. In the other view, large-scale undulations are driven directly by a velocity shear instability. The advantage of the latter process over a Rayleigh-Taylor instability is that the growth rate peaks at •. _> L for the velocity shear instability whereas the opposite inequality holds for the RayleighTaylor mode.
To investigate this further, we first study the spacing between multiple plumes such as those detected on March 6, 1983, while the scattering layer height is decreasing over Jicamarca. The usual assumption is that the spacing can be estimated by using a mean eastward plasma One possible way out of this dilemma is to conjecture that the shear is higher in a localized region within the plasma gradient than indicated by the radar data, say 100 m/s over a 10-km bottomside height range. Neutral wind shears of this magnitude have been reported [Bhavsar et al., 1965] . Another possibility is that the dominant horizontal wave number in the fully developed process is smaller than the wave number of maximum growth. This might imply an inverse cascade of energy to larger scales in this two-dimensionally turbulent medium. A less exotic explanation is that although the growth rate is lower at small i•, the initial amplitude was higher and the longer-wavelength waves saturated earlier.
In summary, the present analysis supports the notion that velocity shear plays a role in determining the plume spacings which occur in the range i• • 1. However, it should be noted that to reach this conclusion, very high shears must be invoked. To push the shear explanation to even longer wavelengths, and hence to explain the "gentle undulations" of the F layer, does not seem at all realistic. We thus fall back upon the conclusions of Kelley et al. [-1981 Returning to Figure 3b comparison of the highest-altitude depletions on the two rocket profile shows that the downleg depletion was encountered well above the corresponding upleg event. This seems to imply that the depletion was located at a higher altitude west of Jicamarca. The radar data confirm this hypothesis. In Figure 3b an arrow points out a "miniplume" of 3-m echoes which intersects the parabola labeled V = 85 m/s at the same height as the uppermost depletion in the rocket plasma density profile. Although this echoing region was decaying in power with time over Jicamarca, the patch can also be seen to intersect the rocket parabola during its downleg at the height of the uppermost depletion in the rocket profile.
It would be remarkable indeed if a rocket penetrated two pinched-off bubbles along its trajectory, even allowing for magnetic field alignment (a cylindrical bubble). However, a fully developed wedge, tilted toward the west and also field aligned, would be quite easy to penetrate on upleg and downleg. Since both of the Condor rockets penetrated such structures during both upleg and downleg, and because a nearly identical double penetration was observed during the PLUMEX I flight, the rocket data seem to support the wedge model.
We return now to the common cusplike feature associated with many of the JRO plumes. The straightforward explanation is that they correspond to wedges with strong scatter along the walls. The low backscatter levels in the cavity of these caps may be due to the low plasma density in this region, which has been drawn up from low altitudes, rather than a low turbulence level. (Radars respond to An2(k), not [An(k)/n]2.) The uplift in such a cusp is far too rapid to be generated by a pure gravity wave induced electric field since such a field can be no greater than wB where w is the vertical neutral wind in the gravity wave and B the magnetic field. This has been pointed out previously and is discussed by Argo and Kelley [this issue]. The implication is that the generalized Rayleigh-Taylor process must be invoked to locally amplify the electric field associated with the seed structure. In reference to the previous discussion, the scale size for this amplification seems to be i• < 1, implying that velocity shear is an important factor.
SUMMARY OF THE CONDOR EQUATORIAL SPREAD F RESULTS
The key results are summarized in order of their presentation in the present series of papers beginning with the present paper.
Paper 1 (this paper). The combined rocket-radar data have been used to show that during rapid decreases of the scattering layer height over Jicamarca, the ionosphere is tilted such that the region to the west is lower than the adjacent region to the east. Such a configuration is shown to have a very high growth rate due to a wind-driven E x B instability The observed scintillation magnitudes at 1.7 GHz have, however, been found to be compatible with the ambient F region and the irregularity parameters measured by the rockets. The spectral index n of scintillations was found to be shallow (n-,• 3)on March 1, 1983, when the F region was high, while the index was steep (n-,• 5) on March 14, 1983, when the F region was at a lower altitude. Curiously, the F region rocket measured nearly identical one-dimensional spectral indices of intermediate-scale irregularities on both evenings, which was compatible only with the shallower spectral index of the scintillations. The irregularity drift velocities measured by the spaced receiver scintillation measurements were in general agreement with the radar interferometer results except that the spaced-receiver drifts were 20% higher. The zonal drift was observed to be about 100 m/s when the F region was high and about 200 m/s when the F region was low. This result may be a consequence of the fact that the F region dynamo field at higher altitude above the magnetic equator becomes coupled with the off-equatorial locations through the earth's magnetic field and that the zonal neutral wind decreases with increasing latitude.
Paper 5 [Argo and Kelley, this issue]. As part of Project Condor a digital ionosonde was established at Huancayo, Peru. Five days of data were obtained, one simultaneous with Jicamarca VHF observations and a rocket flight. The direction-finding capability of the system coupled with the VHF data has given clearer insight into operation of the ionosonde system and its equatorial spread F in general. A modified phenomenology is developed which uses the radar's ability to do echo location. The onset of irregularities is seen to occur in the east and to move westward, while inside this large-scale structure the plasma is found to drift eastward. A very curious difference has been identified between spread F observations with the HF radar and with the VHF radar at Jicamarca. At VHF, spread F onset often occurs when the ionosphere is rising, whereas in all five examples presented here, the digital ionosonde detected onset when the apparent ionosphere motion was downward. The effect could be instrumental but may be related to the considerable orographic differences in the two sites. Isolated scattering patches are observed and tentatively identified as detached or "fossil" plumes. Additional evidence is presented that acoustic gravity waves play an important role in equatorial spread F.
Paper 6 
